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VITRIFIED CARBON COMPOSITIONS 

The present invention relates to reticulated vitrified 
carbon compositions which contain a metal and/or a 
metal salt dispersed therein, in particular containing 
up to 1000 mg/cm 3 of Cu, Sn, Zn, Pb, Ni, Fe, or alloys 
or mixtures thereof and/or salts or mixtures of salts 
thereof, dispersed therein, and to processes for the 
preparation of such vitrified carbon compositions. 



Electrodes which are used in energy storage and power 
generation systems may be surfaced with graphite. 
However, in some aggressive environments such as in 
the cell described in US-A-4485154 which uses a 
15 sulf ide-polysulf ide catholyte system and an iodide- 
polyiodide, chloride -chlorine or bromide-bromine 
anolyte system, the anolyte may migrate into the 
graphite of the electrode and destroy or damage its 
integrity. It is therefore desirable for the electrode 
used in such a cell to be resistant to such aggressive 
environments . 



It is also desirable for the electrode for use with 
the sulf ide-polysulfide electrolyte described above to 
25 be metal -containing because some or all of the metal 

can be converted to a salt, preferably a sulfide which 
acts as an electrocatalyst for the sulf ide-polysulf ide 
catholyte system. Such an electrode must be 
chemically, electrochemically and physically stable in 
the electrolyte and have a high surface area. 



30 



It is known that carbon compositions may be coated 
with a metal plating. US-A-4851285 discloses a 
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cellular carbon foam with metallic plating on the 
interior of its cells and various methods for the 
production thereof. US-A-413642 8 discloses a method 
for producing an improved heat transfer surface on a 
5 metal tube by electroplating a thin metal coating onto 
a very porous reticulated organic foam layer which has 
been wound onto the metal tube, said foam having been 
precoated with graphite. The organic foam may 
optionally be pyrolysed. US-A-4579632 discloses a 
10 method of electrof orming by: 

(i) creating the shape to be electro- formed of a 
polystyrene or other material , 

(ii) coating with a carbonizable resin, 

(iii) carbonising the resin and vaporising the 
!5 internal form, and 

(iv) metal plating the resulting structure. 

It is also known that glassy carbons containing metal 
particles can be formed. WO93/04220 discloses glassy 

20 carbons including a dispersion of metal particles 

having a small particle size. The glassy carbons are 
formed by heating a metal complexed to a molecule for 
a sufficient period of time for the molecule to cross- 
link to provide glassy carbon. A similar method of . 

25 forming carbon composites containing ultrafine metal 
particles by pyrolysis of organometallic polymers is 
disclosed in a paper by H.Yasuda, S.Miyanaga, 
A.Nakamura and H.Sakai (Journal of Inorganic and 
Organometallic Polymers, Vol 1, No 1, 1991) • 



30 



Incorporating metal into the structure of the carbon 
surface of an electrode is difficult and plating of 
the carbon surface by the methods known in the art 
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results in mechanical instability because the metal 
particles are not mechanically locked into the carbon 
surface. Poor adherence of the metal plate also causes 
problems when the metal is converted into a 
5 catalytically active salt such as a metal sulfide. 

Considerable volumetric expansion occurs on conversion 
putting strain on the bonding at the metal 
sulfide/carbon interface leading to a loss of 
catalyst. The use of organometallic polymers for 
10 forming vitrified carbon compositions with metal 

particles disperse therein necessitates synthesis of 
the precursor organome tallies which is an expensive 
and time-consuming process. 

15 Electrodes containing electrocatalytic species such as 
copper sulfide, and methods for their production are 
also known. GB-A-1330252 discloses an electrode 
structure comprising copper sulfide with a porosity of 
at least 50% and a resistivity of less than 0.5 ohm-cm 
2 0 together with a process for forming such an electrode 
from a homogeneous mixture of finely divided 
particulate sulfur and finely divided particulate 
copper metal. US-A-3847674 discloses similar 
electrode structures and methods for their formation 
"25 and also suggests that the cathodes may be prepared in 
intimate physical and electrical contact with a 
conductor, including carbon meshes. GB-A-1464998 
discloses a lithium-molten salt cell with a transition 
metal chalcogenide positive electrode. The electrode 
30 may be formed by impregnating a lattice of porous 

graphite with a slurry of the chalcogenide in a liquid 
such as alcohol, then baking to evaporate the liquid 
and leave the chalcogenide distributed throughout the 
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of the porous graphite matrix. GB-A- 
interstices of the p compr ising a porous 

1482 SS0 discloses an ^ ^ resilient carbon 

compr essible f£ impreg nated with particles 
fibres, said matrix o a electrode may be 

o£ ^n- ^- r - » rix in a suitabi e 

£ ormed b y ^-^ e al f y covering the matrix with 
container, substantially seleoce d chalcogenide 

f ineiy divided P-^^ ^ jl th . finely 

Md vihratins the co perm este t h rou g h 

abided P-"= leS o£ ° £ ch : ha poro L M trix. OB- A -ao« 2 so 
tne interstices of the * elec trodes for use in 

ciscloses -** =°^ iS8 ' " 

pol ycnalcogenide redox y ^ telluride , or 

active material, a su trans ition metals. 

a mixture thereof, of one d fey 

copper or lead. ^ sue. as 

forming a layer of precu ursC r to the 

porous carhon and -^TZ precursor is a 

^ ^formed on the 

electrolyte composition. 

•W above suffer however from 
s Th e ^^^^ the aggressive environments 
m echanical "-^^ such as in the cell 
of electrochemical cell ^ _ ^ the refore a need 

rrXtv- e-t^s for use with such systems. 

X> „ a reticulated vitreous carbon 

We have now developed ^ ^ ^ ^ ^ Qr 

body containing Cu Sn - mix tures of salts 

mixtures thereof and/or salts 
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thereof, dispersed therein, which may be used as an 
electrode or electrode surfacing material and which is 
more resistant to the aggressive environments 
discussed above and exhibits excellent 
electrocatalytic activity. 

Accordingly, in one aspect, the present invention 
provides a reticulated vitrified carbon composition 
which contains particles of Cu, Sn, Zn, Pb, Ni, Fe, or 
alloys or mixtures thereof dispersed therein. 

By the term "reticulated" as used herein is meant a 
three dimensional netlike structure. Preferably, such 
a structure has a porosity of from 10 to 200 pores per 
linear inch. Preferably, such a structure also has a 
total void space of 50%, more preferably 80%, of the 
total volume of the structure. 

By the term "vitrified carbon" as used herein is meant 
carbon which is in an amorphous glassy form which is 
produced by the pyrolysis of certain polymers. 

The reticulated vitrified carbon composition 
preferably comprises up to approximately 1000 mg/cm', 
more preferably from 30 to 130 mg/cm>, of the said 
metal or alloy particles dispersed therein. 

Preferably the metal or alloy particles are 
substantially spherical in shape. This shape provides 
an advantage when the composition is cut into thin 
sheets, for example for use in electrochemical cells. 
This shape of particle does not result in damage to 
the surrounding vitrified carbon structure on cutting 
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• to be bound by theory, it is 

Whilst not wishing to b ^ more easily 

believed that spherical p vitre ous carbon 

aislodged fro. their position « * ^ when 

structure than non-spherical parti ^ 
contacted by a cutt.^ they ^ ^ 
vitreous carbon so ~ without 

but rather dislodge from their p 

causing damage. 

i for use in the present invention 
The preferred metal conductive 
is cu which has P-- C ;^ s 9 equently be converted to 
rSST^ - copper sulfide. 

•u • are used in the 

present invention than 10| ». Particles 

than 100,m. more pre£S ^ „ ot preferred because they 
with size above 100,- « , no P ^ cOTposicion 

- «~ ~ ^method disclose, below for 

formed in step U> ot structure. Also, 

forming tb. reticulated -"^^^ descr ibed _ 
when usin 9 tb. *- > «^ ~ m do not penetrate 
below, particles larger th ^ ^ ^ are 

the foam. Particles wxbh a nded in the 

, preferred because cbey are easr , 

composition termed in s« U> pre£etably 
helow for formrng Che vi« ^ ^ ^ range 

the particles have a mean P ^ „ 10(im . 

of from l„m to lOO^m. more pr 

30 

h an alloy when used is preferably an alloy of 
Although an alloy 
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two or more of Cu, Sn, Zn, Pb, Hi and Fe, alloys of 
one of these metals with another metal such as Mo or 
Ti are also contemplated within the scope of the 
present invention. An advantage of the use of an alloy 
is that the melting point of the alloy can be tailored 
to suit the conditions used for forming the 
composition. In particular it is advantageous that the 
melting point should be above the temperature of 
pyrolysis in the process disclosed below. 

in a second aspect, the present invention provides a 
reticulated vitrified carbon composition which 
contains particles of Cu, Sn, Zn, Pb, Ni. Fe, or 
alloys or mixtures thereof as defined in the first 
aspect and wherein some or all of the said metal or 
alloy particles have been converted into salts or 
mixtures of salts thereof. Preferably the salt or 
salts formed is/are electrocatalytically active, more 
preferably the salt or salts is/are chalcogenides, 
2 0 even more preferably sulfides and most preferably 
copper sulfide . 

The percentage of converted metal and/or metal alloy 
is commonly in the range of from 50-100% and 
-25 preferably 90-100%. 

The present invention also includes within its scope 
various processes for the preparation of the 
reticulated vitrified carbon compositions described 
30 above and these are detailed below. 

Accordingly, in a third aspect, the present invention 
provides a process for the preparation of a 
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• i *ted vitrified carbon composition according to 
reticulated vitrxnea article* of Cu, Sn, 

the first aspect which contaxns particles 

»i Fe, or alloys or mixtures thereof 
Zn, Pb/ wx, te, w ^ ttie steps 

dispersed therein, which process courses 

5 0£ '' (i) preparing a reticulated composition 
comprising : 

(a) a polymer, or one or more polymer 

1 vitrified carbon 

precursors, which will form vxtrirx 

on pyrolysis in admixture with 

° (b) Tu, Sn, Zn, Pb, 1. or alloys or 

mix tures thereof or salts or complexes^ _ 

thereof, in powder form or as a 

a -pens - ther-, , and ^ ^ 

(i " ^ P a .r^ition prepared in step U, 

a ,ore at or above that at which 
to a temperature at or 

the said poller will pyrolyee to form 
vitrified carbon, or 

- »"=4 r=."= - - • 

I , hrt at which it will pyrolyse to 
or above that ax. w^^ 1 

form vitrified carbon. 
Th s pol^r or -1^ precursor £ or « £ ^ «» 

- he ^ ^ ^ers which «ay he 
solution in a suitable s nt 

« - - ^rranrrr^htr: 

*.v*=,-> 90% bv weight oi ccuu« 
i.e. greater than 20-s oy 
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pre-pyrolysed weight of the polymer. Examples are 
furfuryl alcohol or furfural, both of which may be 
polymerised to form furan polymers. Other examples of 
suitable polymer precursors for use in the present 
5 invention are epoxy resins and phenolic resins such as 
novolac or resole resins. The curing of said polymer 
precursors in step (iii) may be assisted by the 
addition in step (i) of a curing agent such as 
hexamethylenetetramine . Polymers which may be used 
10 include any which give a high yield of carbon when 
pyrolysed. Examples of polymers which may be used 
include furan polymers prepared by the 

homopolymerisation of furfuryl alcohol or furfural, or 
by- the copolymer isat ion of furfuryl alcohol or 
15 furfural with another co-monomer, for example a 
ketone . 

The metal or alloy which is incorporated into the 
composition prepared in step (i) may be in the form 

20 of: a powdered metal or powdered alloy, in the form of 
a solid powdered metal salt or metal complex, a 
suspension of a powdered metal, powdered alloy, 
powdered metal salt or powdered metal complex in an 
appropriate solvent, or in the form of a solution of a 

25 metal salt or metal complex in an appropriate solvent. 
Any metal salt or complex with a volatile counter-ion 
is suitable. An example of a metal salt in an 
appropriate solvent is CuCl 2 in solution in methanol. 
An example of a metal complex which may be used is 

3 0 copper acetylacetonate . 

The temperature at which pyrolysis is conducted will 
depend upon the selection of polymer or polymer 
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precursor. However, pyrolysis is typically conducted 
at a temperature in the range of from 700 to 3000 C, 
more preferably from 900 to 1200°C. 

5 The reticulated composition formed in step (i) above 
" ma y be formed in a number of ways. The manner in which 
the reticulated composition is formed will depend upon 
the selection of polymer or polymer precursor and the 
technique used to incorporate the metal or alloy into 
10 the composition. 

in one route, the reticulated composition may be 
formed from fibres, for example by melt processing of 
the composition followed by the use of appropriate 
15 fibre spinning techniques. 

m another route, when the composition is in . liguid 
form or in the form of a solution, the retxculated 
composition may be formed by using a casting technrgue 
20 such as injection moulding. 

A still further processing route is for the 
composition, when in liguid form or in the form of a 
solution, to be impregnated into a retxculated foarn^ 
25 structure which, on pyrolysis, will vaporrse. Suitable 
"~ reticulated foams may be made from polyurethane or 

polyether material. The foam typically has a porosrty 
Of lo-ao. pores per linear inch. By this route a very 
high surface area reticulated vitrified carbon rs 
30 prepared on pyrolysing the impregnated 

foal with the metal or alloy diposed therein. Tn.s 

Processing route is particularly favourable 

tne resulting reticulated vitrified carbon composition 
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the metal or metal alloy particles are found to be 
located predominantly at the surface of the carbon 
struts with considerable exposure to the open pores of 
the reticulated structure. This is particularly 
5 important if the composition is to be further 

processed as outlined below to convert some or all of 
the metal or metal alloy to salts thereof. 

An alternative processing route is for a liquid phase 
10 composition to be formed into a foam prior to 

pyrolysis. This may be achieved by injecting gas into 
the composition prior to and/or during pyrolysis. 

It will be understood by those skilled in the art that 
15 if a metal or alloy is used in the preparation of the 
precursor in step (i) , then it should preferably have 
a melting point above the temperature at which the 
polymer is pyrolysed to form the vitrified carbon. It 
is advantageous that the metal particles should not 

2 0 melt and therefore lose their spherical shape. If the 

metal or alloy is in the form of a metal salt or a 
metal complex then metal salts or metal complexes 
should generally be used which will decompose to the 
metal at a temperature below the ultimate pyrolysis 
25 temperature of the polymer. 

The reticulated vitrified carbon composition formed by 
any of the process routes outlined above may be 
subjected to an additional processing step so as to 

3 0 form the composition described above in the second 

aspect. The additional processing step comprises 
contacting some or all of the metal particles with 
suitable reagents to effect conversion to the said 
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m etal salts for a time suitable to effect the desxred 
extent of conversion. The extent of conversion depends 
upon the proportion of the metal or metal alloy 
particles in the vitrified carbon composition whxch 
are available to contact said reagents. Typically the 
amount of metal or metal alloy converted is in the 
range of from 50 to 100%, preferably 90 to 100% 
Preferably the said reagents are selected to •««* 
conversion to metal chalcogenides, more preferably the 
reagents are selected to effect conversion to metal 
sulfides, most preferably the reagent xs a 
polysulphide solution comprising a metal hydroxxde a 
Ltal sulfide and sulfur. This process for dopxng wxth 
me tal salts is particularly advantageous because the 
salts so formed are found to have high surface area 
structures vhich enhance their ability to behave as 
catalysts in, for example, electrochemical cell 
reactions . 

The reticulated vitrified carbon compositions of the 
present invention may be used in the fabrication of 
Electrodes for use in electrochemical cells such as _ 
those used for energy storage and power generation^ 
Socially those Which utilise a sulf ide/polysulf rde 
refction such as that described in US-A-448S1S,. For 
example, an electrode may be surfaced with the 
reticulated vitreous carbon composition of the present 
invention by pressing the composition onto the 
electrode surface. Alternatively, the reticulated 
: "ecus carbon composition of the present invent.cn 
^y be used in the bulk manufacture of electrodes. 

The reticulated vitreous carbon compositions of the 
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first aspect of the present invention possess the 
advantage that the particulate metal or alloy is 
encapsulated within the vitreous carbon matrix and 
thus is very stable whilst also exhibiting high 
5 electrical conductivity. Furthermore, in the second 
aspect of the present invention certain salts of 
metals, such as copper sulfide/ provide a catalytic 
- effect at the surface of an electrode comprising such 
a reticulated vitreous carbon composition and this may 
10 be particularly advantageous. Tests on 

electrocatalytic behaviour of the compositions of the 
present invention show that they exhibit catalytic 
activity for a longer period of time than most other 
copper doped materials. 

15 

The present invention will be further described with 
reference to the following Examples. 

pvainpl ftq i to 6 (1 and 4 are Compara tive Examples! 

2 0 A solution of phenolic resin (BITREZ P2 64) in methanol 
was prepared, comprising 200g/L resin and 7.5g/L 
hexamethylenetetramine . A similar solution was 
prepared comprising 2 00g/L resin and 15g/L 
hexamethylenetetramine. Each of the resin solutions 

25 were doped using a spheroidal copper powder added to 
the resin at loadings of 0, 150, and 30 0g/L (the 
copper powder was obtained from Aldrich Chemical Co. 
and was listed as having a particle size of less than 
10/xm, particle size analysis by a Coulter Multisizer 

30 indicated a mean particle size of 7 . 9/xm) . This gave 
six compositions which were each then treated as 
follows. A piece of polyurethane foam of approximate 
dimensions 1.5 x 1.5 x 10cm was placed in a tall 
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receptacle an, the stirred ^-^1. 
resin was poured over « • ^ aUoued to 

The receptacle .as quickly inverted 

, r>in £o r about 10 minutes. At this point 

:;: m - - - -^rs:~ - 

approximate doubling of the 

arain ^ ^ tlml solve „t was allowed to 
during which time tne at 
evaporate. The foam was finally dried in 
iOO-120'C. at which temperature the 
hexamethylenetetramine The no „ 

formaldehyde and cured - ^ C £ ^„ fired 
hard block of phenolic "> £lltr *"° „ ith a 

under an inert nitrogen atmosphere to ICS ^ 

remp rate -J^J^TJL. — 
vitreous carbon. The r (calculation 
compositions are given in ^ ^ 

of the g/cm 3 and cm 3 / cm of cu xn 
b aeed on an undoped carbon foam density of 
approximately somg/cm") : 
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Polished sections of material were prepared by 
embedding the carbonised foam in an epoxy resin, 
grinding away the surface layer and then polishing to 
a 1pm finish on a rotary lapping plate. The sections 
5 were then examined by microscopy. 

Examples 7 to 10 

A solution of phenolic resin (BITREZ P264) in methanol 
was prepared, comprising 200g/L resin and 7.5g/L 

10 hexamethylenetetramine . A similar solution was 
prepared comprising 200g/L resin and 15g/L 
hexamethylenetetramine. Each of the resin solutions 
were doped using copper (II) chloride powder added to 
the resin at loadings of 0, 150 and 30 0g/L. This gave 

15 six compositions which were each then treated as 

described above for Examples 1 to 6 . The results for 
the six different compositions are given in the table 
below: 



20 



25 





HMTA 


CuCl 2 


Initial foam 


Fired foam 


Cu in 


Cuin 


Cu in 




g/L 


g/L 


weight 


weight 


fired 


fired 


fired 








g 


g 


foam 


foam 


foam 












wt% 


g/cm 3 


crrrVcm 3 


1 


7.5 


0 


0.6257 


0.3753 


0 


0 


0 


7 


7.5 


150 


0.6618 


0.7767 


49 


0.048 


0.0054 


8 


7.5 


300 


0.6158 


0.9366 


61 


0.077 


0.0086 ! 


4 


15 


0 


0.5894 


0.4155 


0 


0 


0 


9 


15 


150 


0.5695 


0.6672 


40 


0.034 


0.0038 


10 


15 


300 


0.5753 


0.9199 


56 


0.064 


0.0072 



Polished sections of material were prepared by 
embedding the carbonised foam in an epoxy resin, 
grinding away the surface layer and then polishing to 
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a lMm finis, on a rotary iappin* pUf- «- 
were then exatnined by microscopy. 

. faoSaieticulated .itreous carbon structure , was 

containing 1M sodium nyo. su ifide for a 

a 2M sulfur. The sample was left to sulti 
and2.2Msuiru su lfided sample was 

period of about 500 hours^ * wat@r ^ dried 

10 removed, washed in copious as 
at 100°C. Polished samples were prepared 
1 and examined by microscopy. 
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CLAIMS: 

1. A reticulated vitrified carbon composition which 
contains particles of Cu, Sn, Zn, Pb, Ni, Fe, or 
alloys or mixtures thereof dispersed therein. 

2. ' A reticulated vitrified carbon composition as 

claimed in claim 1 which comprises up to 
approximately 1000mg/cm 3 of the said metal or 
alloy particles dispersed therein. 

3. A reticulated vitrified carbon composition as 
claimed in claim 1 or claim 2 which comprises 
from 3 0 to 13 0 mg/cm 3 of the said metal or alloy 
particles dispersed therein. 

4. A reticulated vitrified carbon composition as 
claimed in any one of claims 1 to 3 wherein said 
metal or alloy particles are substantially 
spherical in shape. 

5 . A reticulated vitrified carbon composition as 
claimed in any one of the preceding claims 
wherein the mean particle size is less than 
approximately lOOjxm. 

6. A reticulated vitrified carbon composition as 
claimed in any one of the preceding claims 
wherein the mean particle size is less than 
approximately 10/Ltm. 

7. A reticulated vitrified carbon composition as 
claimed in any one of the preceding claims 
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11 
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herein the said metal is copper. 

convex into salts or mixtures of salts 
thereof . 

• 1 vitrified carbon composition as 

A reticulated vitriti 
claimed in claim 8 wherein the salt o 
claimed a* ^ =1 ,H-irallV active, 

formed is/are electrocatalytically 

i vitrified carbon composition as 

salts formed is/are chalcogenides . 

vitrified carbon composition as 
. A reticulated vitriti w herein the 

claimed in any one of claims 8 
salt or salts is/are sulfides. 

i vitrified carbon composition as 

salt is copper sulfide. 

x reticulata, vitrified car„on ^ 

" 7^1 -"^ allov couvarta, is 
percentage of metal or 
in the range of from 50-100%. 

^ vitrified carbon composition as 
14 . A reticulated vitrifi the 
daimed in any one of claims 8 d 
percentage of metal or metal alloy 
in the range of from 90-100%. 
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A process for the preparation of a reticulated 
vitrified carbon composition which contains 
particles of Cu, Sn, Zn, Pb, Ni, Fe, or alloys or 
mixtures thereof dispersed therein, which process 
comprises the steps of: 

(i) preparing a reticulated composition 
comprising 

(a) a polymer or one or more polymer 
precursors which will form vitrified carbon 
on pyrolysis in admixture with 

(b) Cu, Sn, Zn, Pb, Ni, Fe, or alloys or 
mixtures thereof, or salts or complexes 
thereof, in powder form or as a solution or 
a suspension thereof; and 

(ii) when a polymer is used in (i) , heating the 
reticulated composition prepared in step (i) 
to a temperature at or above that at which 
the said polymer will pyrolyse to form 
vitrified carbon; or 

(iii) when a polymer precursor is used in (i) , 
curing the said polymer precursor to form a 
polymer and heating the resultant 
reticulated composition to a temperature at 
or above that at which it will pyrolyse to 
form vitrified carbon. 

A process as claimed in claim 15 wherein the 
polymer or polymer precursor are in powder form, 
liquid form or in solution in a suitable solvent. 

A process as claimed in claim 15 or claim 16 
wherein the polymer which is used to prepare the 
reticulated composition in step (i) is any 
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polv*er which gives . yi.!d of greater than 20% 
Z weight of carbon when pyrolysed based on the 
pre-pyrolysed weight of the p=ly™er. 

x pto cess as CU« in any one of clai^ IS to 
17 wherein the polyner is a furan 
prepared hy the ho^poly-risation <*jj££ 
nlhol or furfural, or by the copolymerisatio 
c/Turfuryl alcohol or furfurai with a Ketone. 

A proo -X— - » ^"^which 

wherein the poly^r precursor « 

than 20% by weight of carno 

A process as clai^d in any one <* -^^Jf 
or 19 wherein the polymer precursor is eel 

furfuryl alcohol, furfural epoxy resin, 
novolac resin or resole resin. 

A process as clai^ in any one of claims IS 
19 or 20 wherein a curing agent is adde 
composition in step Ci) • 

K pro cess according to claim 21 wherein said 
cling agent is hexamethylenetetramme . 

A process as clai^d in any ^ 

-reticulated composition 
22 wherein the reticux 

from fibres. 

22 wherein the retn- 
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by using a casting technique. 

25. A process as claimed in any one of claims 15 to 
22 wherein the reticulated composition is formed 

5 by impregnating the composition into a 

reticulated polymer foam, the said impregnated 
reticulated polymer foam then being subject to 
the pyrolysis in step (ii) or the curing and 
pyrolysis in step (iii) . 

10 

26. A process as claimed in any one of claims 15 to 
22 wherein the reticulated composition is formed 
from a liquid phase composition by injecting gas 
into the composition to generate a foam structure 

!5 prior to and/or during the pyrolysis in step (ii) 

or the curing and pyrolysis in step (iii) . 

27. A process according to any one of claims 15 to 26 
comprising an additional step wherein some or all 

20 of the metal or metal alloy particles of the 

reticulated vitrified carbon composition are 
contacted with suitable reagents to effect 
conversion of said metal or metal alloy particles 
into salts thereof for a time suitable to effect 

25 the desired extent of conversion. 

28. A process according to claim 2 7 wherein said 
reagents effect conversion of the metal or metal 
alloy particles into chalcogenide salts. 

30 

29. A process according to claim 27 or claim 28 
wherein said reagents effect conversion of the 
metal or metal alloy particles into sulfide 
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X process according to any one of claims 27 to 29 
wherein said metal particles are copper and the 
salt produced is copper sulfide. 

A process according to any one of claims 27 to 30 
wherein the reagent is a polysulfide -mpositxon 
comprising a metal hydroxide, a metal sulfide and 
sulfur. 

X process according to any one of claims 27 to 31 
wherein from 50 to 100% of the metal or metal 
alloy particles are converted into salts thereof. 

X process according to any one of claims 27 to 32 
wherein from 90 to 100% of the metal or metal 
alloy particles are converted into salts thereof. 

Xx, electrode comprising a reticulated vitrified 
carbon composition as claimed in any one of 
claims 1 to 14 . 

An electrochemical cell comprising, as an 
electrocatalyst or electrode, a ~ ticu ^ed 
vitrified carbon composition as claimed » any 
one of claims 1 to 14 . 
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